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Lipid accumulation product in
relation to 10-year cardiovascular
diseaseincidencein Caucasian
adults, the ATTICA Study

LAPisconsidered to
expand on the concept of
the hypertriglyceridemic
waist as regards C VD risk

An independent positive association
between LAP and long-term CVD
incidence in CVD-free Caucasian
adults from the general population

was reveal ed.

—l

10-year follow-up

The ATTICA epidemiological cohort study

3042 adults without pre-existing CVD, from the Greek general
population, aged 18 -89 years, 1514 men

LAP values at baseline were calculated using WC (cm) and TG (mmol/l) values,
(i) LAP for men= [WC (cm) - 65] x [ TG concentration (mmol/L)]; and (ii) LAP for
women= [WC (cm) - 58] x [ TG concentration (mmol/L)].

2583 of the 3042 initial
participants were re-assessed
during this follow-up

Incidence of Cardiovascular Disease

LAP was positively associated with with 10-year CVD incidence,
even after adjusting for hypertension, diabetes,
hyperchol esterolemia, smoking, physical activity, Mediterranean diet
adherence, and key pro-inflammatory biomarkers (Hazard Ratios per
10 cmirhmol/L of LAPranging from 1.1 to 1.21, p=0.04).

LAP predicted CVD risk better than common obesity indices (BMI, WC,
wai st-to-hip, waist-to-height ratio).
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Abstract

Background and aims: The lipid accumulation product (LAP) is an indexsdebing lipid
over-accumulation based on waist circumference (&) fasting triglycerides, and can
outperform the body mass index (BMI) in recognizicaydiovascular disease (CVD) risk.
We aimed to explore the association of LAP withgiderm CVD risk and compare its CVD-
predictive value against common anthropometricaesliratios of obesity.

Methods: ATTICA is a prospective, population-based cohoratthecruited 3042 adults
without pre-existing CVD from the Greek general plaion (age 18 -89 years; 1514 men).
The 10-year study follow-up (2011-2012) captureslfétal/non-fatal CVD incidence in 2020
participants (50% men). Baseline LAP (dmmol/L) was calculated and analyzed in relation
to the 10-year CVD incidence.

Results: In total, 317 CVD cases (15.7%) were documentedhduihe follow-up. Baseline
LAP showed a significant positive association wilte 10-year CVD incidence, even after
adjusting for hypertension, diabetes, hyperchotelmia, smoking, physical activity,
Mediterranean diet adherence, and key pro-inflarargatiomarkers (Hazard Ratios per 10
cmimmol/L of LAP ranging from 1.1 to 1.2p=0.04). Moreover, LAP predicted the 10-year
CVD study incidence better than common obesitydesliBMI, WC, waist-to-hip, waist-to-
height ratio).

Conclusions. These findings support an independent positivecistson between LAP and
long-term CVD incidence in CVD-free Caucasian aslfibm the general population.

Key words: Lipid accumulation product, LAP, cardiovascularedise, CVD risk, ATTICA

study



1. Introduction

Obesity, particularly central (abdominal/viscerah, a key risk factor of cardiovascular
disease (CVD), with the abdominal fat mass playngyitical role in this relationship [1-3].
However, the body mass index (BMI), which is useddtegorize obesity in clinical practice
[4], fails to differentiate between lean and tofat mass, let alone it accounts for the
abdominal fat mass [3-5]. As such, BMI has beewshtm be a crude predictor of CVD risk
[5-7], whilst other surrogate markers of centraksiby, such as waist circumference (WC),
waist-to-hip ratio (WHR) and waist-to-height ra(MVHtR), are now used in clinical practice
and/or epidemiological research as better CVD pteds [3,5-8].

In 2005, using data from the third National Healtid Nutrition Examination Survey
(NHANES III), Henry Kahn proposed the calculatioh the lipid accumulation product
(LAP) based on WC (cm) and fasting serum triglyadesi (TG; mmol/L) [LAP in men: (WC-
65) x TG; LAP in women: (WC-58) x TG] [9]. LAP wasoposed as a better continuous
marker/index to describe lipid over-accumulatiorrefationship to central obesity, and was
shown to outperform BMI for identifying CVD risk [9Indeed, in this NHANES cohort,
LAP exhibited better correlations with key CVD ritkctors {.e., heart rate and circulating
levels of lipids and uric acid) compared to BMI.[$ubsequently, LAP has been reported as
a reliable marker of CVD risk in women with polytgsovary syndrome (PCOS) and a
useful index for recognizing insulin resistancen{abcoholic fatty liver (NAFLD) and
metabolic syndrome in various cohorts [10-16].

To date, the existing epidemiological data fromspextive, community-based studies
on the predictive value of LAP for long-term CVkiare very limited [17,18]. Therefore,
the objective of the present work was to assess bBARx predictor of the 10-year CVD

incidence in the ATTICA study cohort of Caucasiatules without previous CVD, and



compare its discriminating ability against BMI anther commonly used anthropometric

indices/ratios of central obesityg, WC, WHR and WHtR).

2. Materials and methods

2.1 Study sample

In brief, ATTICA is a prospective, population-basedhort study performed in Attica
(Athens metropolitan region, Greece), which reedit3042 non-institutionalized adults
(Caucasians; women/men: 1528/1514; &8 years) without previous CVD. Recruitment
was conducted during 2001-2002, applying a randampsing protocol and selecting a
single participant per household. All participantsderwent detailed baseline assessments
which included medical history, physical examinat@and blood sampling for biochemical
measurements. Baseline CVD was excluded in aliggaants by the study physicians. The
ATTICA study was approved by our Institutional EthiCommittee and conformed to the
ethical guidelines of the 1975 Declaration of Hatsi with all participants providing written
informed consent. The methodology details of theTEKJA study have been previously
described [19].
2.2 Basdline study assessments

Comprehensive baseline data were collected, inotudemographic detaile.§., age,
gender and years of education), personal/familyohjsof cardio-metabolic disease.d.,
hypertension, diabetes, hypercholesterolemia an®)C¥nd information about dietary and
pertinent lifestyle habitse(g., physical activity and smoking in pack years), ascdéed
previously [19]. Briefly, all participants underwten detailed baseline dietary evaluation
through the EPIC-Greek questionnaire [20], whichaivalidated semi-quantitative food-
frequency questionnaire that was kindly providedhsy Unit of Nutrition of Athens Medical

School. Moreover, the MedDietScore was used tosaste adherence to the Mediterranean



diet (score range: 0-55; higher values indicatéebetdherence) [21]. The physical activity
level of each participant was also assessed atlim@asesing the International Physical
Activity Questionnaire (IPAQ; participants repodino physical activities or exercise on the
IPAQ were classified as physically inactive) [22].

Standardized measurements were performed by traituely researchers at baseline
examination, including body weight and height, aslvas WC and hip circumference in
order to calculate the BMI (body weight in kilograndivided by the height in meters
squared; kg/f), WHR and WHtR. Furthermore, resting arterial blqwessure (BP; average
of three recordings in sitting position) was als@asured at baseline, and individuals
exhibiting average BP>140/90 mmHg or taking antihypertensive medicatipnfgere
categorized as hypertensive.

At baseline, morning (8-10 am) fasting blood sampileere obtained from all
participants after overnight fasting (10-12 hourghaut food/alcohol intake, except for
water). TG, total cholesterol (TC) and high-dengippprotein-cholesterol (HDL-C) levels
were measured by a chromatographic enzymatic mettsbgg a Technicon automatic
analyzer RA-1000 [Dade Behring, Marburg, Germarmyresponding intra- and inter-assay
coefficients of variation (CV): <4%, <9%, and <4%spectively]. Low-density lipoprotein-
cholesterol (LDL-C) was calculated by the Friedevidrmula [23]. Hypercholesterolemia
was defined as TC >200 mg/dl or treatment withdhlmwering drug(s). Moreover, fasting
blood glucose (FBG) levels were measured by a Baokmlucose analyzer (Beckman
Instruments, Fullerton, CA, USA) and subjects witBG >125 mg/dl or on antidiabetic
treatment were classified as having diabetes. ®&elecirculating pro-inflammatory
biomarkers were also measured, namely high semgi@vreactive protein (CRP) by patrticle-
enhanced immunonephelometry (N Latex; Dade-Behrivigrburg GmbH, Marburg,

Germany; intra- and inter-assay CV: <5%), as weltuamor necrosis factor-alpha (T Niy-



and interleukin-6 (IL-6) by high-sensitivity enzyrlieked immunosorbent assays (R&D
Systems; for both assays intra- and inter-assay <\0%), following the corresponding
manufacturer’s protocols.

Finally, participants were also categorized based tbe presence/absence of
metabolic syndrome at baseline according to thenbaized metabolic syndrome definition
[24], namely based on the presence/absence of dnmeere of the following criteria: (i) WC
>88 cm for women oe102 cm for men (WC cut-off values for central obesis proposed
by the European Cardiovascular Societies for Ewoppopulations in the harmonized
metabolic syndrome definition); (ii) T&150 mg/dL (or relevant treatment); (iii) HDL-C <50
mg/dL for women or <40 mg/dL for men (or relevargatment); (iv) systolic BB130 mm
Hg or diastolic BP>85 mm Hg (or antihypertensive treatment); (v) FB0 mg/dL (or
antidiabetic treatment).

2.3 Lipid accumulation product (LAP) at baseline

The LAP values at baseline were also calculatedherstudy participants using the
baseline WC (cm) and TG (mmol/l) values and the Llidfnulas as proposed by Kahn [9],
namely (i) LAP for men= [WC (cm) - 65] x [TG condeation (mmol/L)]; and (ii) LAP for
women= [WC (cm) - 58] x [TG concentration (mmol/LAccordingly, the baseline LAP
tertiles (<19, 19 — 44, >44 dmmol/L) were also extracted.

2.4 Cardiovascular disease incidence at the 10-year follow-up (2002-2012)

The 10-year study follow-up was conducted in 200122(median follow-up period:
8.41 years), as previously described [25]. BrieB$83 of the 3042 initial participants were
re-assessed during this follow-up [participatioter&85%; no difference to the total study
sample; baseline age (mean + standard deviatiol; &314 and 46+14 years for women
and men, respectively]. As per protocol at theokwHup, study physicians obtained the

medical records/data (WHO-ICD-10) to confirm the [T\status of each participant,



capturing detailed relevant datag., development of myocardial infarction, angina pest
and other identified forms of ischemia, as wellchsonic arrhythmias, heart failure and
stroke). For participants who died during this gtd@iollow-up, relevant data were acquired
from death certificates and living relatives. Thybuthis process at the 10-year study follow-
up, accurate CVD status data were obtained for Z@20cipants Table 1). In line with the
aim of the present study to assess LAP as a patgmédictor of long-term CVD risk, herein
we present the analysis of the ATTICA study data #re documented 10-year incidence of
fatal/non-fatal CVD of these 2020 participantsetation to the LAP at baseline.
2.5 Statistical analysis

Normally distributed continuous variables are pnésé as mean values + SD, and
categorical variables as frequencies. Normality weased using the Shapiro-Wilk criterion;
the non-normally distributed variables are prestagemedian and13 tertile. Crude, non-
fatal and fatal incidence rates of combined CVDrdoary heart disease or stroke) were
calculated as the ratio of new CVD cases to thebmurof participants at the 10-year follow-
up. Associations between categorical variables weseed by the chi-square test, whereas
between continuous variables by the Pearson Spearman’sho coefficients for normally
distributed and skewed variables, respectively. ti@anus variables were tested for
normality via P-P plots. For normally distributedriables, comparisons of means between
participants who developed CVD and those who reethidVD-free were performed by the
Student’'s t-test, after controlling for equality efriances by the Levene's test. For
continuous variables without normal distributi@g(, TG), comparisons were performed by
the non-parametric Mann-Whitney U-test. Cox propodl hazards models were used to
estimate the hazard ratios (HR) and the correspgn@b% confidence intervals (Cl) of
developing a CVD event during the study follow-wge@ding to the baseline characteristics

of participants. Kaplan-Meier curves were plottedllustrate 10-year CVD survival by LAP



tertile (Log rank test was calculated to evaluagtwieen tertiles’ comparisons). The
2logLikelihood was also calculated to evaluate the goodness-of-fihe estimated models.
Moreover, ROC analysis and the corresponding Areded the Curve (AUC; 95% CI) was
also calculated in order to evaluate the additizkie of LAP and other metabolic markers
(e.g., TG, waist circumference, BMI) on top of known CViSk factors (illustrated in Model
1, Table 4). Allp-values are based on two-sided tests and the pomdgig 95% CI. STATA
15 software was used for all analyses (M Psarras Assoc., Sparti, Greece / Stata Corp

LLC, Texas, USA).

3. Results

3.1 Basdline LAP and key cohort characteristics according to 10-year CVD incidence

Table 1 presents key baseline characteristics ofrth2020 study participants according to
the documented 10-year CVD status. The 10-yeal/datafatal CVD event rate was 157
cases/1000 participants [n=317 participants; 11@&mw (118 cases/1000 participants) and
198 men (195 cases/1000 participants); p for geddtarence <0.001]. As expected, the
group of participants who developed CVD during tt&year study follow-up consisted
mainly of older men, heavier smokers, and exhibiteggher anthropometric indices/ratios of
total and central obesity (BMI, WC, WHR, WHtR), cpared to those who remained CVD-
free. Furthermore, this group had higher BP and FB@ls, lower MedDietScore.€., worse
Mediterranean diet adherence), as well as worsélggoof circulating pro-inflammatory
biomarkersi(e., CRP, IL-6, TNFe) and lipids (.e., TC, TG, HDL-C, LDL-C) (all p-values
<0.001; Table 1). The mean LAP value at baseline was 69% highetha group of
participants who developed a CVD event during thBeydar follow-up than in those who

remained CVD-free (p <0.00Table 1).



Key characteristics of the study participants agiwy to the baseline LAP tertiles are
presented inrable 2. The age of participants and the prevalence okhgpsion, diabetes,
hypercholesterolemia and metabolic syndrome siantly increased across the baseline
LAP tertiles, with the participants in the lowesAR tertile being younger and exhibiting
lower prevalence rates of these CVD risk factolispi@alues <0.001Table 2). In addition,
participants in the lowest LAP tertile were mostlgmen, lighter smokers, more physically
active, more adherent to the Mediterranean diet figher MedDietScore), and had lower
BMI, WC, WHR and WHtR (all p-values <0.00Table 2).

Moreover, LAP at baseline exhibited significant if@ge correlations to BMI, WC,
WHR, WHtR, TG, TC, FBG, CRP, IL-6 and TNFlevels (rho= 0.488, 0.624, 0.515, 0.075,
0.897, 0.343, 0.281, 0.189, 0.225, and 0.221, otispedy; all p-values <0.001), whereas it
was inversely associated to HDL-C (rho= -0.318;00081). All these correlations remained
significant for both male and female participardiofving stratification by genddidata not
shown).

3.2 Baseline LAP in relationship to the 10-year CVD incidence

Figure 1 illustrates the higher survival rate of particifsaim the ¥ tertile of LAP as
compared to those in th8%nd ' (p for Log-rank test = 0.04; inter-tertile comparisop 1
vs. 3rd <0.001,p 15t vs. 2nd<0.001,p 2ng vs. 3ra= 0.77). Moreover, the higher rate in the decay of
the 10-year CVD survival was observed from appratety the sixth year of study follow-
up, as expected based on the characteristics ddttiy’'s sample (relatively young adults
without pre-existing CVD).

The association between baseline LAP and 10-yeab @\tidence was further
evaluated through a multi-adjusted analysis thattroled for multiple CVD-related
covariates Table 3). Due to multicollinearity, the two variables usedthe LAP formulas

(i.e, WC, TG) were not entered together with LAP insthenulti-adjusted models. At first,



typical demographic variables.€, age, sex, education), as well as certain lifestgttors
(i.e,, smoking, physical activity, Mediterranean diehagknce) and key clinical parameters
(i.e,, hypertension, diabetes, hypercholesterolemia) libll known associations with long-
term CVD risk were entered inBaseline Model 1 (Table 3). In the age-sex only adjusted
model Model 2, Table 3) LAP was significantly associated with higher l€ay CVD
incidence. Subsequently, LAP was added intoBagline Model 1, showing that baseline
LAP had a significant and independent positive eission with the 10-year CVD incidence,
even after adjusting for established CVD risk fest@®odel 3, Table 3). In this latter model,
a 10-unit increase in the baseline LAP value was@ated with an 11% increase of the 10-
year risk of developing CVD. Moreover, in ordertést for potential mediating effects of key
circulating pro-inflammatory biomarkers in this asstion between LAP and CVDodel 3
was additionally adjusted for CRP, IL-6 and TMFwhich were entered separately and
consecutively, as presented Models 4, 5, and 6, respectively Table 3). The association
between LAP and 10-year CVD remained significanthiese models, suggesting absence of
robust mediating effects from these circulating-imftammatory biomarkers.
3.3 Predictive value of LAP on the study 10-year CVD risk against other common
anthropometric indices/ratios of obesity

Table 4 presents the hazard ratios (HR and correspondifig @, as well as -2logL
and AUC values of the models applied to compareptiedictive value of baseline LAP on
the 10-year CVD risk against the single componeatibles of the LAP formulas.¢., WC
or fasting TG), as well as against the most comgnaséd anthropometric indices of obesity
(i.e,, models incorporating BMI, WHR, or WHtR instead loAP). Based on these models,
LAP exhibited better predictive value for the stutly-year CVD incidence as revealed

through the -2logLikelihood ratio (the lower thettee) and the AUC values (the higher the
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better), than its componentse.,, WC and TG. Similarly, baseline LAP was also a lyette

predictor of the 10-year CVD than BMI, WHR and WH{Rable 4).

4. Discussion

In the 2005 study, which introduced LAP as a beattdex for recognizing CVD risk
compared to BMI, Henry Kahn highlighted the needgmspective data in order to assess
whether LAP can be a useful CVD predictor in claligractice and cardiovascular
epidemiology [9]. The present study addressesdfilisunmet need by offering new long-
term prospective data, which show that baseline LeéMPibited a significant positive
association with the 10-year CVD incidence in géacommunity-based cohort of CVD-free
Caucasian adults. Notably, this positive assoaat@nained significant even after adjusting
for various CVD risk factorsig., Mediterranean diet adherence, physical activitylang,
hypertension, hypercholesterolemia and diabetesyeber, in the performed comparisons
of the predictive value of LAP on the 10-year C\Migidence, LAP was better not only than
each of its individual components.e, WC and fasting TG), but also than common
anthropometric indices of total and central obeéiy, BMI, WHR and WHtR). Thus, the
presented findings suggest that LAP may constaupeedictive marker of CVD, better than
other classical anthropometric/metabolic CVD ris#tices/ratios, but cannot be considered as
an additive marker for CVD risk stratification.

Since its introduction in the literature, LAP haseh shown to be a powerful index for
identifying metabolic syndrome, insulin resistareed NAFLD in several cohorts, as well as
a reliable marker of CVD risk in women with PCO®{16]. Furthermore, a retrospective
study by loachimesceat al., has reported that LAP, but not BMI, can predict #lecause
mortality in high CVD risk, non-diabetic patientteanding a preventive cardiology clinic

[26]. Recent studies from China have also indicated LAP is associated with increased
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risk of intracranial atherosclerotic stenosis irddie-aged and elderly Chinese females [27],
whilst it may be a valuable index in predicting thek of hypertension in the Chinese
population [28]. Moreover, in a cross-sectionabgtwith 191 adults and elderly participants
LAP exhibited high accuracy in visceral obesitycdisination, as assessed by the area of
visceral adipose tissue identified by computed tw@aphy [29]. Notably, LAP has been also
shown to discriminate between patients with ancheut steatosis, although it could not
qguantitatively predict liver fat as determined qtitatively by proton magnetic resonance
spectroscopy [30]. Further research is still neettegpecifically explore the correlation
between LAP and quantitative measures/markersipbsity.

Despite the increasing evidence on the direct tairo@ between LAP and multiple
CVD risk factors, so far there is a paucity of diatan prospective, community-based studies
on the predictive value of LAP for long-term CVDcidence [17,18]. In this context, data
from the prospective Tehran Lipid and Glucose Stidywe showed that LAP is an
independent predictor of CVD (median follow-up: L§ears; 160 CVD cases during follow-
up) in 2378 CVD-free adults (57% men) with norm&Ig18]. This is in accord with our
results on the association of LAP to the 10-yeaiDOxcidence. However, in this Iranian
study LAP was not superior for predicting CVD o&MI, WC, WHR and WHtR [18]. This
apparent inconsistency with our findings may belatted to the fact that this community-
based study included only adults with BMI <25 kg/mvhilst other significant differences in
the cohort characteristics of this Iranian studg also presente(., different ethnic
background and higher minimum age at recruitmentesthese participants were of Persian
ancestry and at least 30 years old) [18].

It is noteworthy that, Despré®t al., first introduced the concept of the
“hypertriglyceridemic waist” as a dichotomous cardiometabolic risk markergatbr, which

proved to be a good predictor of CVD outcomes aondatity [31-35]. However, obesity is a
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continuous process rather than dichotomous, whish circulating TG and WC as single
continuous variables are associated with CVD r8f853-37]. Thus, LAP is considered to
expand on the concept of the hypertriglyceridemaistvby providing a continuous risk
marker which better indicates the lipid over-acclatian in central obesity and the related
cardiometabolic risk [9]. This related risk refledhe underlying continuous process which
follows the excessive accumulation of visceral ad@ tissue, progressively promoting
metabolic dysregulation, atherosclerosis and loadgrinflammation [38-43]. Indeed, several
pro-inflammatory adipokines/cytokines secreted tiyabby the abdominal fat depots exert
detrimental effects on metabolism and the cardiovas function [41-44]. Of note, the
significant positive association between LAP andDCM the present study persisted even
when the analysis was adjusted for CRP, IL-6 andr-&iNsuggesting lack of significant
mediating effects from these circulating biomarketsch are implicated in obesity-related
inflammation. Overall, the median CRP values obsgmn the ATTICA study cohort were
similar to those generally noted in other genegybations from European regions [45].
Further studies are required to fully elucidategpectrum of underlying mechanisms/factors
(e.g., dysregulated adipokine secretion and ectopicat@umulation in the liver, skeletal
muscles and heart) which may be implicated in thauthented association between LAP and
CVD.
4.1 Limitations

The present study is not without limitations. Aslsuit should be acknowledged that
the baseline/entry study examination was conduatee@ and, hence, may be susceptible to a
certain degree of measurement error. However, pipéeal study methodology is similar to
that in other large, prospective, CVD-outcome emiddogical studies, and followed
standardized and validated protocols/methods fteaong all study data. Thus, our findings

can be considered reliable and generally compartblthose from studies with similar
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cohorts. Moreover, the study cohort consisted aflZaucasians, hence the present results
cannot be extrapolated fully to other ethnicitieimally, due to lack of an intervention arm in
our protocol/design, the present study cannot peownsight as to whether it is useful to
monitor LAP as an indicator of intervention effeetness.
4.2 Conclusion

The present study adds to the emerging evidenagestigg that LAP may constitute
a simple and accurate prognostic marker of CVD askcompared to other obesity-related
indices/markers. Indeed, the present findings oféaw prospective data suggesting that LAP
exhibits a positive association with the 10-year BDCVincidence in Caucasian
(Mediterranean/European) adults from the genergujation without pre-existing CVD.
LAP appears to be a better predictor of the lommt€VD risk than the commonly used
anthropometric indices/ratios of total and centiadsity. Future studies are still required to
further evaluate the association between LAP and GW different ethnic and patient
populations and explore whether monitoring LAP otiere can be a useful indicator of the

effectiveness of interventions against CVD.
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Table 1. Demographic, lifestyle, behavioral and clinichlacacteristics of the ATTICA study participantsbatseline
based on the10-year follow-up by cardiovasculagaie (CVD) statu@= 2020).

CVD status at 10-year follow-up

Baselinevariable (n-LOtZ?)IZO) %Xz%?f(r)g? (ng\gl)?) i

Age (years) 45+ 14 43 +13 58 £13 <0.001
Gender, % male 50 48 62 <0.001
Smoking (pack years) 496 + 501 441 + 425 767 £ 705 <0.001
Physical Activity, % physically active 41 40 41 8.9
MedDietScore (range: 0-55) 2617 26+6 2317 06q.
Body Mass Index (kg/fin 26+5 265 285 <0.001
Waist circumference (cm) 90 £ 15 89 +15 97 +14 .08
Waist-to-hip ratio 0.86 +0.1 0.85+0.11 0.92 1D. <0.001
Waist-to-height ratio 0.53+0.08 0.52 £0.08 0450.07 <0.001
Metabolic syndrome, %yes 20 18 41 <0.001
Hypertension, %yes 30 28 51 <0.001
Diabetes Mellitus, %yes 7 5 22 <0.001
Hypercholesterolemia, %yes 39 40 57 <0.001
Total cholesterol (mmol/L) 4.99+1.09 4.99+1.06 52339 <0.001
HDL-cholesterol (mmol/L) 1.24+0.39 1.27+0.39 1.163D <0.001
LDL-cholesterol (mmol/L) 3.15+0.96 3.131£0.96 3.39(33 <0.001
Triglycerides (mmol/L), median, tertiles 1.10,06¥B0 1.09,0.77-1.61 1.11,0.78-1.73 <0.001
C-reactive protein (mg/L), median, tertiles 1.02%2.30 0.98, 0.44-2.23 1.50, 0.66-2.95 <0.001
Interleukin-6 (pg/mL) 1.46 £0.55 1.43+ 0.55 1.68.51 <0.001
Tumor necrosis factar-(pg/mL), median, tertiles 5.77,3.38-7.67 5.52237.49 7.49,5.88-9.86 <0.001
LAP (cmimmol/L), median, tertiles 31, 19-44 30, 14-54 35, 20-61 <0.001

Normally and non-normally distributed continuousi@hbles are presented as mean values * standaitideyor median
and ', 3 tertile, respectively, and categorical variablegraquenciess-values for the comparisons between the 10-yeal
CVD-free and CVD group derived using the t-testjlevfor comparisons of categorical variables by ¢hesquare test or
Mann-Whitney non-parametric test for variables with normal distributioni(e., triglycerides, CRP and LAP). LAP:
Lipid Accumulation Product; MedDietScore: validatecbre evaluating the Mediterranean diet adherémgher score

indicates better adherence)
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Table 2. Cardiovascular disease (CVD) cases during the E&RATIstudy 10-year follow-up and key baseline
characteristics of the participants (n=2020) whategorized by baseline tertiles of the Lipid Acculation Product (LAP
tertiles: <19; 19-44; >44cmmmol/L)

Baseline LAP tertiles (cmhmol/L; participants)

1% tertile 2" tertile 3 tertile P
(<19; n=660)  (19-44; n=680)  (>44; n=680)

CVD during 10-year follow-up, %yes 5 14 25 <0.001
Baseline characteristics

Age (years) 36 +11 46 +13 50 + 13 <0.001
Gender, % male 27 53 67 <0.001
Smoking (pack years) 304 + 316 482 + 487 644 + 550 <0.001
Physical Activity, % physically active 49 40 36 <0.001
MedDietScore (range: 0-55) 29+7.2 25+5.8 24+5.9 <0.001
Education (years of school) 13+3.2 12 +3.7 e <0.001
Body Mass Index (kg/fy 23+27 26+3.4 30+ 4.4 <0.001
Waist circumference (cm) 76 +8.6 92+9.1 103 +13 <0.001
Waist-to-hip ratio 0.78 +0.08 0.87 +0.08 0.93+0.10  <0.001
Waist-to-height ratio 0.52 +0.05 0.54 +0.05 0460.07 0.007
Metabolic syndrome, %yes 1 12 53 <0.001
Hypertension, %yes 11 31 46 <0.001
Diabetes mellitus, %yes 1 "3 14 <0.001
Hypercholesterolemia, %yes 18 43 65 <0.001
C-reactive protein (mg/L), median, tertiles 1.0D8t2.56 1.08,1.05-2.69 1.80, 1.10-2.80 <0.001
Interleukin-6 (pg/mL) 1.3+0.36 1.5+0.4 1.6 + 0.4 <0.001
Tumor necrosis factar-(pg/mL), median, tertiles 5.9, 2.9-4.6 6.1, 3.0-7. 7.8,2.6-81  <0.001

Normally and non-normally distributed continuousiahbles are presented as mean values +* standaiatideyor median
and £, 39 tertile, respectively, and categorical variablesraquencies.p<0.01;p values for the betweeri'¥s. 2" 3¢

tertile comparisons derived using the t-test, widlecomparisons of categorical variables usingdhiesquare test, after
correcting for the inflation of type-l error usirthe Bonferroni rule. MedDietScore: validated sceraluating the

adherence to the Mediterranean diet (higher scalieates better adherence).
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Table 3. Results from the applied Cox proportional hazarddets evaluating the 10-year risk of developing a

cardiovascular disease event (outcome) in relatiaghe baseline values of Lipid Accumulation Pradll&\P).

All participants Hazard Ratios (HR)', 95% Confidence Intervals
Baseline Model 2 Model 3 Model 4 Model 5 Model 6
Model 1
Age (per 1 year) 1.06 1.08 1.06 1.06 1.05 1.06
(1.04-1.08) (1.07-1.09) (1.04-1.08) (1.04-1.08) (1.03-1.08) (1.03-1.08)
Men vs. women 1.66 1.86 1.81 1.70 1.65 1.38
(1.06-2.61) (1.36-2.55) (1.10-3.01) (1.01-2.88) (0.98-2.77) (0.76-2.52)
LAP (per 10 cnimmol/L) - 1.04 1.10 1.11 1.18 1.21
(1.00-1.08)  (1.05-1.15§ (1.04-1.19y (1.09-1.27§ (1.11-1.31}
Pack-years of smoking 1.00 - 1.00 1.00 1.00 1.00
(1.00-1.01) (2.00-1.01) (1.00-1.01) (1.00-1.01) (1.00-1.01)
Physically activess. inactive 0.74 - 0.75 0.79 0.80 0.63
(0.49-1.11) (0.48-1.18) (0.49-1.26) (0.50-1.28) (0.36-1.08)
Education (years of school) 0.98 - 0.98 0.97 0.97 0.95
(0.93-1.04) (0.93-1.04) (0.91-1.03) (0.91-1.03) (0.88-1.02)
MedDietScore (range: 0-55) 0.95 - 0.97 0.96 0.96 0.97
(0.92-0.99) (0.93-1.01) (0.92-1.00) (0.92-0.99) (0.92-1.02)
Hypertension (y/n) 1.06 - 1.17 1.36 1.34 1.23
(0.71-1.60) (0.75-1.81) (0.86-2.15) (0.85-2.11) (0.72-2.08)
Diabetes mellitus (y/n) 2.39 - 2.15 1.84 1.96 2.01
(1.33-4.29) (1.11-4.18) (0.91-3.74) (0.97-3.93) (0.87-4.67)
Hypercholesterolemia (y/n) 1.33 - 1.43 1.34 1.35 1.45
(0.90-1.97) (0.92-2.22) (0.84-2.13) (0.85-2.12) (0.86-2.42)
C-reactive protein (mg/L) - - - 1.10 - -
(1.02-1.19)
Interleukin-6 (pg/mL) - - - - 1.49 -
(0.86-2.59)
Tumor necrosis factat- - - - - - 1.13
(pg/mL) (1.05-1.22)

* Hazard Ratios derived from semi-parametric Cogpportional hazards models. pt<0.05. MedDietScore: validated

score evaluating the adherence to the Mediterradiesithigher score indicates better adherence).
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Table 4. Results from the nested Cox proportional hazarddaiscevaluating the predictive value of the LipidcAmulation

Product (LAP) at baseline, as well as waist cire@nefice, fasting triglyceride levels and other comiyoused

anthropometric indices of obesity, on the 10-yeadiovascular disease event risk (outcome).

Hazard 95% -2logL® AUC (95%CI)
Ratios (HR®  Confidence
Intervals (ClI)
Baseline Model 1 - - 704 0.80 (0.77-0.83)
Baseline Model A+ LAP (per 1 crimmol/L) 1.01 (1.00-1.01) 584 0.84 (0.78-0.89;
Baseline Model A+ Waist circumference (per 1 cm) 1.01 (0.99-1.02) 692 0.81 (0.76-0.85)
Baseline Model 3+ Fasting triglycerides (per 1 mg/dL) 1.00 (2.009) 592 0.82 (0.78-0.85)
Baseline Model 1+ Body mass index (per 1 kgim 1.03 (0.99-1.08) 701 0.80 (0.76-0.86
Baseline Model A+ Waist-to-hip ratio (per 1 unit) 1.33 (0.18-9198 687 0.80 (0.74-0.86)
Baseline Model 3+ Waist-to-height ratio (per 1 unit) 2.71 (0.28%5) 690 0.80 (0.76-0.83)

 Baseline Model 1 included age, sex, smoking (pge&rs), physical activity (active/inactive), yeasé education,

Mediterranean diet adherence (MedDietScore: highere indicates better adherence), and historypéttension, diabetes

mellitus, and hypercholesterolemia.

® Semi-parametric Cox proportional hazards modelgwsed to calculate the hazard ratios.

“Goodness of fit for the logistic regression modeds assessed with the -2logLikelihood (the lowertttter).

AUC: Area Under the ROC Curve
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Figure 1. Survival curves derived from Cox proportional hazarodels evaluating 10-year
cardiovascular disease (CVD) risk by baseline Lip@tumulation Product (LAP) tertile, in
n=2020 participants of the ATTICA Studyp (for Log-rank test = 0.04; inter-tertile

comparisonsp 1st vs. 3rd<0.001,p 1st vs. 2nd<0.001,p 2nd vs. 3r6= 0.77).
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Highlights
. LAP correlates to the 10-year CVD incidence in adults without pre-existing CVD

. LAP isassociated to long-term CVD risk independently of other CVD risk factors

. LAP isabetter predictor of 10-year CVD incidence than BMI, WC, WHR and WHIR



